INTRODUCTION
The increased demand of maize (Zea mays, L.) by baking and cellulosic biomass industries requires expanding the growing areas to newly reclaimed and sandy soils. Drip irrigation system has become a popular technique to reduce the amount of water and fertilizers applied [1] . Growing corn in rotation with other field and vegetable crops in sandy soil secures a sustainable agriculture to reduce the gap between production and consumption.
Though, sandy soil characterized with low cation exchange capacity and soil organic matter [2] it was proved that fertigation increases fertilizer use efficiency since nutrients are applied to the active root zone which reduces losses of nutrients through leaching or soil fixation [3] . There are mixed literature reviews on corn response to different N levels. For instance, under similar condition to the present study corn grain yield has been significantly affected by increasing N rate from 190 to 380 kg N ha -1 [4] while plateaued at 180 kg·ha -1 fertigation rate in another study [5] . Also, a positive response for corn grain yield has been recorded for N application up to 285 kg N ha -1 [6] . These inconsistencies in results may appear as soil characteristics and other environmental conditions change. As sandy soil has poor water and nutrients retention while the high N requirement of corn, adequate level of N must be applied to insure sufficiency. On the other side, there is increased concern about groundwater pollution by nitrate (NO 3 -N) which attributed to excessive N fertilizer application [7] . There fore, determining crop response to narrow range of N levels is so important for more understanding to corn N requirement for these newly developed areas.
The importance of foliar fertilization with different macro and micronutrients on growth, photosynthetic activity of leaves, and grain yield has been reported by [8, 9] . Deficiency of Mn induces growth inhibition, chlorosis and necrosis, early leaf fall, and low reutilization [10] . Some workers reported a significant increase in corn growth and yield parameters by micronutrients application. Under sandy soil conditions, ear leaf area, plant height, stem diameter, and HI were increased by the application of Zn as Zn-EDATA 12%, Mn as Mn-EDATA 12%, and Fe as Fe-HEEDTA 12%, as solution spray on maize [11] [12] [13] . Also, [14] stated that using microelements raised plants tolerance for water deficit stress conditions which increased the yield. Dry areas of high pH and low organic matter soils promote Zn deficiencies in corn [15, 16] which makes the need for these micronutrients being more pronounced.
Maize grain is a result of grain yield per plant and number of plant density per unit area. Therefore, studying the effect of plant density on grain yield is necessary as hybrids and technology improve. Modern hybrids have higher radiation use efficiency because of higher LAI at silking which increases their response to high plant densities [17] . Results of previous studies indicated that optimum population of the used cultivar ranged from 5.0 to 5.6 plant·m -2 when grown in clay soils [18] . Across diverse environments, several studies recorded different responses of corn to plant density. For example, corn grain yield was optimized by the combination between plant density of 69000 plant·ha -1 and 250 kg·N rate·ha -1 [19] . While [20] reported a positive response to plant density ranged from 82000 to 116000 plant·ha -1 . Thus, investigating the growth of individual maize plant in sandy soil is important for maximum growth and grain yield especially with the adoption of new irrigation system.
The objectives of this study were to determine the optimum combination of N rate and plant density with and without Mn and Zn application on growth, photosynthetic partitioning parameters, and yield related characteristics in irrigated corn under sandy soil conditions.
MATERIAL AND METHODS

Site Characteristics
A field experiment was conducted for two growing seasons (2008 and 2009) 
Experimental Design and Treatments
The experimental design was split-split plot with three replications (Figure 1) . The main plot treatments were three nitrogen rates (N) of 214, 273, and 333 kg·N·ha -1 , the sub plot treatments were four foliar spray micronutrients treatments (S) of Zn, Mn, Zn + Mn, and no Zn and Mn applied (check). The sub-sub treatments were three plant densities (D) of 4.76 (low), 5.71 (medium), 6.66 (high) plant·m -2 . Nitrogen was applied as ammonium sulfate (20.5% N and 24% S) through the irrigation system in five equal doses from 21 DAS (V3) to 50 DAS (V9) [22] .The solution spray of micronutrients treatment was applied in two applications the 1st was at 30 DAS (V4) and the 2nd was at 45 DAS (V8). Tank volume 20 L water were used for each treatment since Zn and Mn sprayed on plant foliage at a rate of 150 g·ha -1 in the form of EDATA. Plant densities were given by reducing hill spacing form 42, 35, to 30 cm for low, medium, and high densities, respectively.
The sub-sub plot size was 3 m by 4 m. All plots were fertilized with 240 kg·ha -1 calcium superphosphate (15.5% P) and 129 kg·ha -1 potassium sulfate (48% K and 19% S). The phosphorous and potassium were broadcast applied at seeding around the drip lines.
Each plot has three drip lines space one m apart with drippers spaced 0.35 m apart within the line and each dripper had a flow rate of 4 L·ha -1 . Irrigation was initiated two days before sowing with a rate of 1.1 cm·day -1 until tasseling, 2.3 cm·day -1 from tasseling to R3, and 1.1 cm·day -1 from R3 to R5. Ground water was pumped from 30 m soil depth and had an SAR of 11.7 ( Table  3) .The soil and ground water were analyzed by the central laboratory of the faculty of Agriculture, Zagazig University.
A three way cross corn hybrid (TWC 321 from Gemmeza Research Station, Cairo, Egypt) was manually planted in May 22 on both sides of the drip line with row spacing of one m apart. The preceding crops were fallow and garlic in the 1st and 2nd seasons, respectively. Three weeks after planting (V3) seedling were thinned to one plant per hill. Weed control consisted of hand weeding throughout the season to control any weeds. Agrinate 90% SP (Methomy l) insecticide was applied at V3 at a rate of 715 g·ha -1 for Aphids control.
Field and Plant Measurements
At silking stage (R3) five contiguous plants plot -1 were used for measurements; Leaf area plant -1 (LA/plant dm 2 ), such trait was computed as Leaf area = 0.75 × (L × W) where L is the blade length (cm) and W is the maximum width of the blade (cm) [23] . Leaf area index was determined as: leaf area plant -1 (dm 2 )/land area plant -1 (dm 2 ). Plants were cut at the surface from the two rows on either side of the middle irrigation line on September 25 in both seasons. Ears were manually harvested, shelled, and weighed. Subsamples of grain were oven dried at 60˚C for adjusting grain yield to 155 g·Kg -1 water content. Stover sample were air dried for three weeks after harvest at 25.7˚C mean temperature. Biomass yield was calculated from stover and grain weights. Then the following characters were determined; Grain yield·dm -2 LA (g·dm -2 ), it was determined as: GY at 15.5% moist (g plant -1 )/dm 2 of LA. Relative photosynthetic potential (RPP) for: a) grain yield was determined as; RPP grain = Y grain/plant /LAI (g/LAI), b) biomass yield was determined as; RPP bio = RPP bio/plant /LAI (g/LAI), this parameter were computed using the procedure outlined by [24] . Both RPP traits are describing the contribution of leaf area index into biological and grain yield.
Harvest index (HI) was determined as; grain yield (g·plant -1 )/biomass yield (g·plant -1 ). HI determines the total dry matter partitioned into grain yield.
Grain yield (g·plant 
Data Analysis
Crop performance parameters were analyzed using the SAS PROC GLM procedure to develop the ANOVA for a split-split plot design over years. The PROC MIXED procedure was used to make tests of simple effects [25] with N rates as the main factor, micronutrients spray as the split factor, and plant density as the split-split factor. Mean separation of treatment effects was measured using Fisher's protested least significant difference (LSD) test. Nitrogen fertilization and plant density were treated as a quantitative variables and solution spray was treated as a qualitative variables. The study factors were treated as fixed effects, and year and replicates were treated as random effects.
RESULTS AND DISCUSSIONS
Growth Parameters
Linear decrease in LA plant -1 (Figure 2(a) ) and linear increase in LAI (Figure 2(b) ) were recorded by increasing the plant density since the dense planting had the lowest LA plant -1 with the highest LAI values. These results could be attributed to the intra-plant competition for the elements essential for production such as light, water and nutrients. This in agreement with the results obtained by [26] who reported that linear increase in LAI with increasing corn population from 60 up to 90 thousand plant·ha -1 . Neither N rate nor applying foliar fertilization influenced LA plant -1 and LAI ( According to the combined analysis, the N × D interaction significantly affected LA plant -1 ( Table 5 ). Under both low and medium densities, N rate did not affect LA plant -1 but was significantly smaller by 12.7% for the dense plants fertilized with the lowest nitrogen rate. These results emphasize the importance of considering both nitrogen and planting density effect on the variable. In the pooled data, plant growth factors; RPP grain , RPP dry mass , and GY dm -2 LA (g·dm -2 ) were not affected by N rate and micronutrients application either alone or their interaction ( Table 4) . Increasing planting density significantly decreased these parameters where, a gradual decrease in both GY dm -2 LA (g·dm -2 ) and RPP traits by increasing the planting density from the low to the high density. The decreases in such potentials could be explained through the increase in harmful effect of shading with the increase in LAI as the population of corn was increased.
The first order interactions were without significant effect on HI over years but HI was affected by YR × S interaction ( Table 6 ). The parameter was increased by 6.5% and 6.6 % due to Zn + Mn treatment compared to check in 2008 and 2009, respectively (Figure 3) . The high available residual soil P may be restricted absorption and assimilation of both these micronutrients which has caused unbalanced nutrition. This was more pronounced in the 1st season but planting after garlic in the 2nd season can help in solubility of fixed soil P through its association with Mycorrhizae. These findings sustained those outlined by [28] . Meantime, there was also a significant interaction between N × S since the HI had a gradual increase with increasing N rate for plants sprayed with Zn ( Table 7) .
Yield Determination Parameters
A slight increase was noticed in both BW and GYP due to the application of the 273 kg·ha -1 N rate but not enough to be statistically significant ( Table 6) . These results are in agreement with the results obtained by [26] where grain DM of maize response for raising N rate from 75 to 225 kg·N·ha -1 was similar. There was a significant effect for the foliar fertilization on BW ( since Zn treatment was higher by 8.72% than check treatment. Meanwhile, others have reported significant increase in maize grain yield and its attributes by foliar spray of microelements [13, 29] . The results of both sea--sons and their combined analysis clearly represented a significant decrease in both BW and GYP regarding varying the plant density ( Table 6) . It was found a linear decrease in BW as a result of increasing plant density (Figure 4(a) ). Whereas, [30] stated that the planting density of 6.6 and 8.3 plants·m -2 recorded 23.5 and It is evident from the results in ( Table 6 ) that none of the first order interactions affected significantly both BW and GYP in both seasons and their combined analysis. These results clearly indicate that the main effect of plant density on both traits masked and dominated any other interacting effects between each two of the factors under study.
Varying N rate from 214 up to 333 kg·ha -1 did not affect BYM and GYM (Table 6 ) however, there was a slight increase of 6.83% and 3.2% in favor of 273 kg N ha -1 rate compared to 214 kg N ha -1 for BYM and GYM, respectively. Similar findings have been found by [31] where irrigated corn in sandy soils did not response for N application more than 185 kg·ha -1 while others reported significant increase in grain yield as a result of raising N rate from 190 to 380 kg·ha -1 [4] . Biomass yield m -2 has been affected by foliar fertilization of micronutrients ( Table 6 ) and there was 7.0% increase in GYM due to Zn application compared with the check (P > F, 0.146). The beneficial effects of Zn addition can be achieved partially through its activation of carbonic anhydrase as a catalytic enzyme, consequently CO 2 fixation in carbohydrate metabolism. In addition, Zn deficiency may have a more dramatic effect on the rate of photosynthesis in C 4 compared with C 3 plants.
Biomass yield m -2 and GYM were not affected by plant density (Table 6) . Though (Figure 4(b) ). This possibly could be attributed to the increased pollen to silking intervals and the increased barrenness at the high planting density. These results disagree with [20] since they reported maximum maize grain yield at plant density of 8.2 to 11.6 plants·m -2 . There was YR × D interaction effects on BYM showed greater response due to the medium or high plant density in 2008 ( Table 8) .
There was N × S × D interaction effects on grain yield showed differences in N response depending on spray and densities but, generally there was a negative or constant slope of the line by increasing N rate ( Figure 5 ). Across N rates and densities, Zn treatment produced greater grain yield of 11.6 Mg·ha -1 compared to 10.0 Mg·ha -1 by check treatment. It is noteworthy that applying 214 kg N ha -1 and Zn to the highest plant density prouced the greatest grain yield of 12.5 Mg·ha -1 .These results suggest a beneficial effect of Zn application on corn grain yield as sandy high pH soil promotes Zn deficiency. Zinc has an important role on basic plant life process such as N metabolism, photosynthesis, carbon anhydrase activity, and resistance to abiotic and biotic stress. The results agree with the finding of [32] since corn grain yield has increased by 18 % as a result of applying 1.0 to 1.5 kg·ha -1 of Zn. Increasing N rate did not result in greater grain yield which might be related to nitrogen losses by leaching. Similar results have been reported by [33] where changing N rate from 128 to 278 kg·ha -1 did not affect either biomass or grain yield. The results of both seasons and their combined analysis for NAE for GYM and NAE for BYM indicated that there was a consistent reduction in NAE when N rate increased from 214 up to 333 kg·ha -1 (Table 6 ). Since, as in the pooled data, increasing N rate from 214 to 273 and to 333 kg·ha -1 gradually decreased the NAE from 32.03 to 26.78 and to 20.90 kg·bio. ·kg -1 N applied and form 11.80 to 9.89 and to 7.67 kg grain kg -1 N, in respective order. This agrees with the results obtained by [34] and [35] .
The main effect of S significantly affected NAE for BYM ( Table 6) where Zn treatment increased the variable by 9.04% compared to the check. This matches the results obtained by [36] that NAE has significantly increased by Zn application. Nitrogen agronomic efficiency significantly affected by YR × D interaction but the analysis separates by year did not show a significant effect ( Table 8 ). In addition, N × S × D interaction significantly affected NAE for GYM ( Table 6 ) being in- favor of applying 214 kg N ha -1 and Zn with the low density.
CONCLUSIONS
Expanding corn cultivation through sandy arid soils of Egypt based on drip irrigation system can help in; diminishing the gap between consumption and production, saving water, and better efficient use for the other agronomic inputs. Corn is so vulnerable to N deficiency and its grain yield greatly affected by the population. In the meantime, crops grown in sandy soils with high pH levels suffer from malnutrition with certain micronutrients. Accordingly, these three agronomic aspects are of priority for studying. The results of this study showed a maximum yield response for N application up to 214 kg·ha -1 since there was no significant effect due to any extra addition of N on all the studied traits, except for both NAE traits which gradually reduced as the N rate increased. Co-application of the lowest fertigated N rate with Zn to the highest plant density produced the greatest grain yield of 14.4 Mg·ha -1 , along with irrigation frequency as described in the material. Thus, splitting 214 kg N ha -1 considers the best rate and there is no need for further addition of N under the study conditions especially when it could result in ground water contamination by nitrate N [37] .
Micronutrients spray significantly affected BW, BYM, NAE for BYM, and GYM in favor of Zn treatment without response for the rest of the study characteristics. Most of the study parameters have been affected by increasing the plant density from 4.76 to 6.66 plant·m -2 except biomass and grain yield per m 2 which may indicate that a higher plant density might produce more biomass and grain yield per unit area. These results arise that more investigation is required in order to fully understanding the interaction between production factors and optimum plant density for maximizing corn biomass and grain yield under sandy soil conditions.
